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osting by EAbstract Periodontal health reﬂects a balance between harmful and protective elements in the gin-
gival marginal area. The total plaque mass, speciﬁc periodontopathogens, the tooth morphology
and local environmental factors may challenge this balance. The periodontal ligament attachment
loss shifts this balance adversely towards the periodontal disease.
Objectives: The aim of this retrospective study was to determine the signiﬁcance of proximal root
grooves as a risk factor in the periodontal attachment loss; the effect of their dimensions and loca-
tions has been evaluated.
Materials and methods: One hundred (100) extracted formalin stored single rooted permanent ante-
rior teeth were studied by staining with 0.1% toludine blue to visualize attached periodontal liga-
ment remnants. On each tooth, the loss of attachment was measured from the cemento–enamel
junction to the most coronal level of the stained periodontal ligament remnants.
Results: The prevalence of proximal root grooves, was found to be 81% and a statistically signif-
icant greater loss of attachment was present on grooved than on non-grooved surfaces (p< 0.01).
Conclusions: Generally, there was direct relationship between groove location, its dimensions and
maximum loss of attachment. The results suggest that proximal root grooves should be considered
in periodontal diagnosis, prognosis and treatment planning.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.ahoo.com (R. Chopra).
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lsevier1. Introduction
Bacterial plaque is the primary etiological factor in the initia-
tion and progression of periodontal disease. Periodontal liga-
ment attachment loss; however, frequently has a very site
speciﬁc occurrence and sometimes has been attributed to the
presence of speciﬁc subgingival pathogen (Slots, 1986). On
the other hand, a cemental tear has also been reported to
initiate rapid periodontal break-down in an interdental site
(Hancy and Leknen, 1992). Developmental variations and
morphological abnormalities, such as cervical enamel projec-
Figure 1 Gross photograph of maxillary canine stained with 1%
toludine blue showing the positively stained remnants of peri-
odontal ligament at the cemento–enamel junction.
92 P.A. Bhusari, R. Choprations (Master and Hoskins, 1964), enamel pearls (Bissada and
Abdelmalek, 1973) and palate-gingival grooves (Shiloh and
Kopezyk, 1979) in the maxillary incisors have also been de-
scribed as factors contributing to the localized periodontal dis-
ease process. Everett and Kramer (Everett and Kramer, 1972)
reported data from the study of extracted maxillary lateral
incisors, showing the frequency of dento-lingual grooving to
be small but signiﬁcant causal factor in the attachment loss
and periodontal disease causation.
Proximal root grooves and concavities represent another
morphologic feature which occur frequently in mandibular
anterior teeth and maxillary premolars (Fox and Bosworth,
1987). Such concavities are wider in maxillary than in mandib-
ular teeth, and are proven to be exposed early in the destruc-
tive disease process. Such anatomic root features may
compromise a patient’s self care (Smukler et al., 1989), inter-
fere with the accessibility for adequate subgingival scaling
(Fox and Bosworth, 1987) and complicate restorative ther-
apy7. Thus clinical observations, together with a recent exper-
imental report on the effect of tooth instrumentation &
roughness on subgingival microbial colonization (Leknes and
Lie, 1994), support the hypothesis that root grooves may con-
tribute to the development of local periodontal defect.
Gher and Varnio (1980) obtained horizontal section of hu-
man teeth to illustrate the presence of root concavities and to
discuss the resultant implication on periodontal health; how-
ever, they did not report the measurements of such root forms
in their data. Wheeler (1968) documents the presence of prox-
imal concavities on individual teeth but without numerical
data to show the frequency, size or surface location. As this
important data is not found in the literature and the root anat-
omy inﬂuences the progression of periodontal diseases and pa-
tients effectiveness with oral hygiene technique; the present
study was therefore aimed to determine the signiﬁcance of
proximal root grooves as a risk factor in the periodontal
attachment loss; the effect of their dimensions and locations
has been evaluated.Figure 2 Gross photograph of mandibular canine stained with
1% toludine blue showing the positively stained remnants of
periodontal ligament at the cervical 1/3rd of the root.2. Materials and methods
The present study evaluated 100 extracted permanent maxil-
lary and mandibular anterior teeth to determine the preva-
lence, dimensions and location of proximal root grooves.
The study also compared the periodontal attachment loss for
root surfaces with and without grooves.
A total of 100 maxillary and mandibular permanent ante-
rior teeth were examined from a formalin-stored pool of ex-
tracted teeth whose preextaction history was unknown. The
criteria for inclusion of teeth in the study were – the teeth
should have an intact cemento–enamel junction, no dental res-
toration or caries extending beyond cemento–enamel junction
and there was no visible damage from extraction procedure.
The periodontally involved part of the root was carefully
scaled and cleaned in running water and then stained for
10 seconds in 0.1% toludine blue to facilitate the measure-
ment of attachment loss. Loss of attachment was then mea-
sured along the long axis of the tooth from cemento–enamel
junction to the most coronal level of the stained periodontal
ligament on the mesial as well as on the distal surfaces, by
using Vernier-caliper to the nearest tenth of a millimetre
(Figs. 1–3).
Figure 3 Gross photograph of mandibular ﬁrst premolar stained
with 1% toludine blue showing the positively stained remnants of
periodontal ligament at the apical 1/3rd of the root.
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faces) were examined in day light by using magnifying glass to
note presence of grooves; no tooth was excluded. The location
of the groove (labial 1/3rd, middle 1/3rd or lingual/palatal
1/3rd), the origin (cervical 1/3rd, middle 1/3rd or apical
1/3rd) and the termination (cervical1/3rd, middle 1/3rd or api-
cal 1/3rd) of the groove was also noted at the same time.
Conﬁrmation of the groove was described as shallow or U
shaped (<1 mm), deep or V shaped (>1 mm) or closed tube
which formed a tunnel-like channel. Any variations were
excluded. The loss of attachment on the teeth with both the
grooved surfaces was further classiﬁed as
1. Group I: Teeth with shallow or U-shaped grooves
(<1 mm) on both the sides
2. Group II: Teeth with deep or V shaped grooves (>1 mm)
on both the sides.
3. Group III: Teeth with close tube or tunnel-like channel on
both the sides.
4. Group IV: Teeth with U-shaped groove on one side and
V-shaped or close tube on the other side.
A Ney surveyor with lead point was used to mark each
tooth on the mesial and distal surfaces by moving a tooth at
a right angle across the lead. Where a concavity existed, the
lead contacted the two surfaces on either side of the concavity,
producing two lead lines. By using Vernier caliper the width of
the groove (distance between the lead points) at cervical 1/3rd
and 5 mm apical to cemento–enamel junction was measured.
Thickness of the cementum was measured both at the deep-
est part of the groove as well as on the non-grooved surfaces of
20 teeth by using the cross section of the root under thereﬂected light microscopy with micrometer attachment
(Laborlux model of Leitz comp) The microscope was cali-
brated against 2 mm micrometer scale at a magniﬁcation of
4·. An ocular graticule in one eye piece of the microscope per-
mitted measurement to the nearest 0.1 mm. All the measure-
ments were performed by one examiner. The collected data
were statistically analyzed by using Chi-square test, Gaussian
test (2) and student paired ‘‘t’’ test.
Chi-square test was used to evaluate the differences in the
prevalence of grooves in various tooth positions and arches.
Gaussian test was used to compare the prevalence of grooves
in right and left side of the maxillary and mandibular arches.
Paired-student ‘t’ test was used to evaluate the difference in
the loss of attachment between grooved and non-grooved root
surfaces.
Regression analysis was used to analyze the linear relation
between loss of attachment on non-grooved root surfaces and
the difference between grooved and non-grooved surfaces.3. Results
Total 200 proximal surfaces of 100 permanent maxillary
(n= 50) and mandibular (n= 50) single rooted teeth – central
incisors, lateral incisors and canines were surveyed. The prev-
alence of proximal root grooves was found to be 81%. The
prevalence of grooves on right side was 43.2% (n= 35) & left
side was 56.8% (n= 46). Since the statistical analysis showed
no difference in the frequency of grooves on the right & left
side of maxillary and mandibular teeth, these data were pooled
(z= 1.22, p> 0.05).
3.1. Prevalence of grooves according to the arch
The prevalence of grooves according to the arch was found to
be 44.4% in the maxillary arch (n= 36) and 55.6% in the
mandibular arch (n= 45). Total of 14 teeth in the maxillary
arch and 5 teeth in the mandibular arch were without grooves.
The difference in the prevalence of grooves in the maxillary
and mandibular arch was found to be statistically signiﬁcant
(x2 = 5.263, p< 0.05).
3.2. Prevalence of grooves according to the tooth position
The prevalence of grooves according to the tooth position was
found to be 1.2% (n= 1) in maxillary central incisors, 13.6%
I (n= 11) in maxillary lateral incisors and 29.6% (n= 24) in
maxillary canines. The prevalence of grooves according to the
tooth position in mandibular arch was found to be 0% (n=
0) in mandibular central incisors and 26% (n= 21) in mandib-
ular lateral incisor and 29.6% (n= 24) in mandibular canine.
3.3. Prevalence of grooves according to tooth surfaces
The prevalence of grooves by surface ranged from 14.8% to
53.1% for mesial surface and 1.2% to 56.8% for distal surface.
3.4. Prevalence of grooves according to conformation
The prevalence of grooves according to conformation was
found to be 34.6% (n= 28) for shallow, 55.6% (n= 45) for
deep and 9.87% (n= 8) for tube like.
Table 1 Characteristics of grooves and statistical signiﬁcance.
Mean width of the groove Mean thickness of cementum
At cervical 1/3rd 5 mm apical to the point
of origin
Deepest part of the groove On opposite non-grooved surface
2.017 ± 0.946 mm 2.515 ± 1.136 mm 0.142 ± 0.141 mm 0.105 ± 0.033 mm
The mean diﬀerence was statistically highly signiﬁcant;
t= 2.99; p< 0.01
The mean diﬀerence was statistically highly signiﬁcant; t= 3.144; p< 0.01
94 P.A. Bhusari, R. Chopra3.5. Prevalence of grooves according to location
The prevalence of grooves according to location was found to
be 6.2% (n= 5) in the labial 1/3rd, 70.4% (n= 57) in the mid-
dle 1/3rd and 23.4% (n= 19) in the lingual 1/3rd of the root.
3.6. Prevalence of grooves according to origin
The prevalence of grooves according to origin was found to be
59.3% (n= 48) in cervical 1/3rd, 37% (n= 30) in the middle
1/3rd and 3.7% (n= 3) in the apical 1/3rd of the root.
3.7. Prevalence of grooves according to the termination
The prevalence of grooves to termination was found to be 0%
(n= 0) in the cervical 1/3rd, 1.2% (n= 1) in the middle 1/3rd
and 98.8% (N= 80) in the apical 1/3rd of the root.
3.8. Width of the grooves
The mean width of the groove at cervical 1/3rd of the root was
found to be 2.0176 + 0.946 mm and the mean width of the
groove 5 mm apical to the point of origin was found to be
2.515 ± 1.136 mm; the mean difference in the width of the
groove was found to be statistically highly signiﬁcant
(t= 2.99, p< 0.01) (Table 1).
3.9. Thickness of cementum
The mean thickness of cementum at the deepest part of the
groove was found to be 0.142 ± was 0.041 mm and the mean
thickness of cementum on the opposite non-grooved surface
was found to be 0.105 ± 0.033 mm (Figs. 4 and 5). The mean
difference in the thickness of cementum was found to be statis-
tically highly signiﬁcant (t= 3.144, p< 0.01) (Table 1).
3.10. Loss of attachment
The prevalence of grooves was found to be 81% and 19% of
teeth were without any groove. Out of 81 teeth 26 teeth
(32.1%) showed grooves only on one proximal tooth surface,
but loss of attachment was present on both the proximal sur-
faces (grooved as well as non-grooved surface); 45 teeth
(56.8%) showed grooves on both the proximal surfaces and
loss of attachment was present on both the proximal surfaces.
Remaining 12 teeth though grooved did not show any loss of
attachment.
3.11. Loss of attachment on teeth with one grooved surface
The loss of attachment on the one grooved surface ranged
from 1 mm to 9 mm and on the non-grooved surface it rangedfrom 0 to 7 mm. The mean loss of attachment on the grooved
surface was found to be 4.2 ± 2.345 mm and the mean loss of
attachment on the non-grooved surface was found to be
2.077 ± 1.998. The difference in the mean loss of attachment
between grooved and non-grooved surfaces was found to be
statistically highly signiﬁcant (t= 3.514, p< 0.01). The larg-
est difference between the grooved and non-grooved side mea-
sured in an individual maxillary right central incisor was 8 mm
and the most extensive loss of attachment occurred in close
relation to the deepest part of the groove.
3.12. Loss of attachment on teeth with both the grooved surfaces
(Table 2)
In Group 1 (n= 6, 7.4%) the mean loss of attachment on the
mesial side was found to be 4.83 ± 0.753 and the mean loss of
attachment on the distal side was 4.583 ± 0.665. The differ-
ence in the mean loss of attachment was found to be statisti-
cally not signiﬁcant (t= 0.609, p< 0.05).
In Group 2 (n= 27, 33.3%) the mean loss of attachment on
the mesial side was found to be 3.689 ± 1.719 mm and the
mean loss of attachment on the distal side was found to be
3.983 ± 1.513 mm. The difference in mean loss of attachment
was found to be statistically not signiﬁcant (t= 0.691, p<
0.05).
In Group 3 (n= 5, 6.2%) the mean loss of attachment on
the mesial side was found to be 6 = 1.414 mm and the mean
loss of attachment on the distal side was found to be
5.82 ± 1.927 mm. The difference in the mean loss of attach-
ment was found to be statistically not signiﬁcant (t= 0.168,
p< 0.05).
In Group 4 (n= 5, 6.2%) the mean loss of attachment on
the side showing U-shaped groove was found to be
1.8 ± 0.837 mm and the mean loss of attachment the side
showing V shaped groove was 5.8 ± 1.304 mm. The difference
in the mean loss of attachment was found to be statistically
very highly signiﬁcant (t= 5.77, p< 0.001).
To further analyze the ﬁndings, the difference in the loss of
attachment between the grooved and non-grooved surfaces
was analyzed as a linear function of loss of attachment on
non-grooved surfaces. Regression analysis revealed a statisti-
cally signiﬁcant positive correlation for the single rooted teeth
(r= 0.58432). Such analysis reveals that with more extensive
loss of attachment the enhancing effect of grooves on the
destructive process is gradually increasing.
4. Discussion
Detrimental effect of dental plaque upon the dentition can be
effectively controlled and counteracted by the patient own hy-
giene efforts supported by professional care. Any factor or a
circumstance that jeopardizes this plaque removing ability
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Figure 4 Microphotograph of premolar‘s root section of the
grooved surface at the middle 1/3rd showing increased cementum
thickness in its deepest part.
Figure 5 Microphotograph (of the same tooth shown in Fig. 4)
of premolar‘s root section of the non-grooved surface at the
middle 1/3rd showing normal cementum thickness.
A morphological survey of root grooves and their inﬂuence on periodontal attachment loss 95might be regarded as an etiological co-factor potentiating the
destructive periodontal disease process. Such conditions may
include inherited anatomic tooth characteristics (Master and
Hoskins, 1964; Bissada and Abdelmalek, 1973; Shiloh and
Kopezyk, 1979; Everett and Kramer, 1972; Fox and Bosworth,
1987; Smukler et al., 1989; Withers and Brunsvold, 1981;
Kogon, 1986; Hou and Tsai, 1993) or iatrogenic root irregular-
ities (Leknes and Lie, 1994; Meyer and Lie, 1977; Lic and
Meyer, 1977; Lie and Leknes, 1985).
The present study performed the morphological survey for
the proximal tooth grooves and evaluated the possible inﬂu-
ence of root grooves on the loss of periodontal attachment.
Other predisposing and periodontal disease complicating fac-
tors were eliminated by excluding teeth with furcations, dental
restorations or caries extending to cemento–enamel junction.
The retrospective study design precludes accessing of any
information related to the adjacent teeth and anatomy of the
opposing root surface. The study results therefore must be
judged with this limitation in mind.
The results of this study showed (within a small sample size)
that anterior single rooted teeth from nearly every tooth posi-
96 P.A. Bhusari, R. Chopration, both maxillary and mandibular, had grooves on their
proximal surfaces. The prevalence was found to be 81%.The
prevalence of grooves according to their origin was found to
be highest in the cervical 1/3rd of the root (59.3%) as
compared to the origin at the middle 1/3rd (37%) and apical
1/3rd (3.7%). The prevalence of grooves according to their ter-
mination was found to be highest in the apical 1/3rd (98.8%)
of the root as compared to the termination at the cervical
1.3rd (0%) and middle 1/3rd (1.2%). On the basis of the data
presented in this survey, minimal attachment loss would
expose root grooves on most teeth. Teeth with attachment loss
in this zone would most often have an unfavorable prognosis if
the remaining support is less.
Both periodontal and restorative treatment could be inﬂu-
enced by the morphological structure of the root. The restor-
ative dentist recognizes that a groove on the proximal
surface must be approached with caution if a well adapted
margin is to be achieved. The difﬁculty in adapting the matrix
band in this area requires additional time after placement of
restoration for the removal of overhangs. Even a slight over-
hanging margin could inﬂuence the patient’s ability to remove
plaque and could result in pocket formation. Bacterial plaque
retained by overhanging subgingival restoration may inﬂuence
the reformation of subgingival plaque in a periodontal pocket
after scaling and root planning and therefore results in bone
loss (Waerhaug, 1978; Jeffcoat and Howell, 1980).
Calculus must be removed from all the exposed surfaces of
the root if periodontal health has to be achieved. Studies have
shown that calculus removal is more difﬁcult in pockets deeper
than 3 mm (Rabbani and Ash, 1981; Jones and O’Leary,
1978). The results of several studies (Tagge and O’Leary,
1975; Gellin, 1986) concluded that area of root surfaces most
often harbouring residual calculus after scaling and root plan-
ning was the proximal root surface of both anterior and pos-
terior teeth. Because this survey has shown the proximal root
grooves to be the rule rather than the exception (except for
19 cases) at or within 5 mm apical to cemento–enamel junction
on nearly all teeth, it is easy to understand how deep pockets
combined with proximal root grooves would complicate calcu-
lus removal. During root planning procedure, the proximal
root surface can be ﬂattened with a curette, thereby ensuring
the future maintenance by both practitioner and patient easier.
The complete removal of calculus and plaque from subgin-
gival root grooves is more difﬁcult because of the shape of
most curettes. The mean width of concavities at the cemen-
to–enamel junction ranged from 0.2 to 4 mm. A curette with
a long, straight or slightly convex blade theoretically might
bridge a narrow concavity and produce a burnished area of
calculus within the concavity. Therefore interproximal scaling
and root planning must be approached with the knowledge
that concavities are most often present. A highly developed
sense of touch is required to negotiate this difﬁcult area of root
grooves. A ﬂap procedure for access and visibility may some-
times be necessary to completely debride a groove. After a
practitioner identiﬁes a proximal concave surface of sufﬁcient
depth which can compromise the patient’s ability to perform
effective plaque control; an adjunctive oral hygiene aid should
be prescribed as dental ﬂoss will bridge a deeper concavity.
Studies evaluating membrane supported periodontal
surgery in teeth with high frequencies of root aberrations have
reported mixed results (Proestakis and Bratthali, 1992;
Annndergg and Metzier, 1993). Six months post operatively,treatment results of maxillary premolars according to guided
tissue regeneration was not superior to open debridement with-
out membrane (Proestakis and Bratthali, 1992). Concavities
and grooves in the cervical areas may prevent optimal adapta-
tion of membrane and consequently compromise its barrier
function of preventing apical migration of junctional epithe-
lium on the root surface. This indicates that teeth with proxi-
mal grooves and furcation involvement may represent a special
challenge in guided tissue regeneration therapy. On the other
hand, promising results have recently been reported after treat-
ing palato-gingival grooves with expanded polytetra-ﬂuoroeth-
ylene (ePTFE) membrane (Annndergg and Metzier, 1993).
After a 6 months follow-up period which included frequent
professional post surgical care, a highly signiﬁcant gain in
mean clinical attachment and a reduction in probing depth
were recorded. Based on this short term results, it states that
the potential detrimental effect of root grooves may be pre-
vented or reduced by adequate supportive periodontal therapy.
The most likely explanation for negative effect of grooves is
related to their plaque promoting effect. Grooves may facili-
tate plaque growth by providing surface areas sheltered from
cleaning efforts as well as from the host defense mechanism.
Later bacterial selection and growth may be inﬂuenced by
anaerobic conditions established inside the grooves.
Although root grooves increase the attachment area and
produce a root shape that is more resistant to torquing forces
(Carranza and Newman, 2006), after attachment loss, they
help in harboring more plaque and calculus. The mineral con-
tent of exposed cementum has been shown to be increased (Sel-
vig, 1966). Exposed cementum may absorb calcium (Selvig and
Zander, 1982; Nakata and Stepnick, 1972), phosphorous (Sel-
vig and Zander, 1982; Nakata and Stepnick, 1972), and ﬂuo-
ride (Nakata and Stepnick, 1972) from its local environment,
making possible the development of highly calciﬁed layer that
is resistant to decay (Aleo and Vandersall, 1980). This ability
of the cementum to absorb substances from its environment
may be harmful if the absorbed materials are toxic (bacterial
toxins) (Cadosch et al., 2003; Tan et al., 2004). This made us
to measure the thickness of cementum at the deepest part of
the groove and compared it to the thickness of cementum on
the non-grooved surface. The mean thickness of cementum
(20 teeth) at the deepest part of the groove was found to be
consistently more than the thickness of cementum on the
non-grooved surface (t= 3.144, p< 0.01).
Six teeth out of 21 teeth (7.3%) showed the presence of
grooves on both the sides and also the loss of attachment on
both the sides. The sides showing greater loss of attachment
were consistently demonstrating the presence of V shaped deep
grooves; and the sides showing comparatively less loss of
attachment were demonstrating the presence of U shaped shal-
low grooves. The mean difference in the loss of attachment on
both the sides was statistically highly signiﬁcant (p< 0.001).
This indicates that not only the presence of grooves but also
their morphology may inﬂuence the periodontal disease pro-
cess. Regression analysis revealed a signiﬁcant inﬂuence of
the root grooves when the attachment loss becomes more
extensive.
Around 19% of the surveyed teeth did not show the pres-
ence of grooves but did show the loss of attachment. The mean
loss of attachment was found to be 3.917 + 1.184 mm. This
may indicate that other factors, such as bacterial selection
due to strict anaerobic environment and site speciﬁcity are
A morphological survey of root grooves and their inﬂuence on periodontal attachment loss 97more dominating than anatomic features at advanced stage of
disease.
12 out of 18 (13%) grooved teeth did not show any loss of
attachment. This may be due in part, to the young age of the
study population where marked periodontal attachment loss in
association with the root grooves may not have had time to de-
velop. Older group might show even more severe periodontal
disease changes than the group studied.
5. Conclusion
The present study concludes that
1. 81% of teeth had root grooves on proximal surfaces.
2. Root grooves signiﬁcantly enhance loss of periodontal
attachment.
3. Such grooves compromise the patient’s self care, reduce the
operator’s access for adequate sub gingival scaling and
jeopardizes an otherwise successful periodontal treatment.
4. Attention should be paid to the handling of root grooves in
prophylaxis and treatment of periodontal diseases.
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